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7KH SUREOHP RI VHFXULW\ KDV EHHQ HPSKDVL]HG E\ D VHW RI VWXGLHV >@ RQ 6XSHUYLVRU\ &RQWURO $QG 'DWD
$FTXLVLWLRQ 6&$'$V\VWHPV $OORIWKHVWXGLHV XQGHUOLQH WKDWFODVVLFDOF\EHUVHFXULW\DSSURDFKHVDUHLQDGHTXDWHLQ
FDVH RI F\EHUSK\VLFDO DWWDFNV ,QWHOOLJHQW F\EHUSK\VLFDO DWWDFNV KDYH WKH SRWHQWLDO WR UHPDLQ VWHDOWK\ ZKLOH
FRQGXFWLQJWKHSK\VLFDOV\VWHPWRZDUGV DQXQVWDEOHDQGGDQJHURXVVWDWH
6WX[QHW >@ WKHILUVWPDOZDUHGHVLJQHG WRDWWDFN1&, WRJHWKHUZLWK WKHPRUHUHFHQWO\UHSRUWHGPDOZDUHFDOOHG
³)ODPH´ >@DUHDFOHDUGHPRQVWUDWLRQRIWKLVULVN 1HYHUWKHOHVV DUHFHQW UHSRUWFROOHFWLRQ >@ HPSKDVL]HVWKHQHZ
VHFXULW\WKUHDWV DQGWKHUHVHDUFKVWDWHLQWKLVILHOG
7RDGGUHVVWKHDIRUHPHQWLRQHGFKDOOHQJHVZHSUHVHQWDQRYHODSSURDFKWRGHWHFWWKHSUHVHQFHRI WKHPRVWSRSXODU
F\EHUDWWDFN'R6 E\ PHDQVRI NQRZOHGJHH[WUDFWLRQIURP SK\VLFDOSURFHVVUHODWHGGDWD:H SUHVHQWRXUDSSURDFK
DQG SHUIRUPWKHH[SHULPHQWVLQFRQWUDVWZLWKWKH7HQQHVVHH(DVWPDQFKDOOHQJHSURFHVV7(3 >@ZKLFKLVDSUHFLVH
DQGUHDOLVWLF UHSUHVHQWDWLRQ RIDUHDOFKHPLFDOSODQW
7KH PDLQ FRQWULEXWLRQ RI WKLV SDSHU LV WKH H[SHULPHQWDO VWXG\ UHODWHG WR WKH LGHQWLILFDWLRQ RI WKH GLIIHUHQFHV
EHWZHHQQRUPDORSHUDWLRQGDWDSRLQWVDQG'R6DIIHFWHGRSHUDWLRQGDWD SRLQWV7KHSDSHUSUHVHQWV KRZWKH7(3VWRSV
DIWHUDSSO\LQJWKHDWWDFNDQGPRUHRYHUZKDW DUHWKHFLUFXPVWDQFHVLIRQHDSSOLHV'R6DWWDFNV VHTXHQWLDOO\ ZLWKRXW
FDXVLQJWKHV\VWHPWRDXWRPDWLFDOO\VWRSEXWGHFUHDVLQJ V\VWHPVWDELOLW\
7KH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  SUHVHQWV WKH UHODWHGZRUN RQ WKLV WRSLF 6HFWLRQ  GHVFULEHV WKH
VWXGLHGSUREOHPDQG LQ 6HFWLRQ ZHSURSRVHDQDSSURDFK WR VROYH WKHSUHVHQWHGSUREOHP 6HFWLRQFRQWDLQV WKH
H[SHULPHQWDOUHVXOWV DQGWKHSDSHUFRQFOXGHVLQ6HFWLRQ
 5HODWHGZRUN
7KH VWXGLHG SDSHUV IRFXV RQ F\EHUSK\VLFDO VHFXULW\ LQ SDUWLFXODU RQ DQRPDO\ GHWHFWLRQ WHFKQLTXHV LQWUXVLRQ
GHWHFWLRQDWWDFNPRGHOLQJ DQG VHFXUHFRQWURO
$UHFHQWO\ SXEOLVKHG SDSHU >@DQDO\VHVWKHSHUIRUPDQFHVRIGDWDPLQLQJDQGQHXUDOQHWZRUNEDVHGF\EHUDWWDFN
GHWHFWLRQWHFKQLTXHV7KHDXWKRUVYDOLGDWHWKHLUDSSURDFK XVLQJWKH .''¶DQG'$53$ GDWDVHWV$QRWKHU
DUWLFOH >@ GLVFXVVHVVHYHUDODWWDFNVFHQDULRVLQFOXGLQJ'R6DWWDFNDQGSURSRVHVDVROXWLRQWRLPSOHPHQWDQDQRPDO\
GHWHFWLRQ HQJLQHE\ OHYHUDJLQJGDWDPLQLQJ WHFKQLTXHV LH NPHDQV FOXVWHULQJRI F\EHU UHODWHGGDWD7KH UHVXOWV
VKRZWKDWWKHVHWHFKQLTXHVDUHYHU\HIILFLHQWLQWKHFDVHRIDWWDFNVZKLFKPRGLI\WKHDQDO\]HGGDWDIHDWXUHV
7KHDWWDFNPRGHOVDQGWKHNQRZOHGJH DERXWWKHHIIHFWV RIF\EHUDWWDFNVDUHNH\LQJUHGLHQWVIRUFKRRVLQJWKHULJKW
$QRPDO\'HWHFWLRQ 6\VWHP $'6 ,Q WKLV VHQVH WKH DUWLFOH RQ (3,& >@ D WHVWEHG IRU F\EHUSK\VLFDO VHFXULW\
H[SHULPHQWDWLRQ LQYHVWLJDWHV WKH HIIHFW RI F\EHU DWWDFNV RQ WKH QRUPDO IXQFWLRQLQJ RI 1&, )XUWKHUPRUH D GDWD
IXVLRQEDVHGDQRPDO\GHWHFWLRQLQ1&, LVSUHVHQWHG LQ >@7KHDXWKRUVRIWKHDUWLFOHFRPELQHNQRZOHGJHIURPWKH
F\EHUDQGSK\VLFDOGLPHQVLRQRI1&,LQRUGHUWRDFKLHYH DQ$'6 $QRWKHUDQRPDO\GHWHFWLRQDSSURDFKLVSUHVHQWHG
LQ >@UHO\LQJRQFOXVWHULQJ ³ELJ´GDWDVHWV
0DQ\ UHVHDUFK DFWLYLWLHV DUH FRQGXFWHG LQ WKH ILHOG RI SURFHVV PRQLWRULQJ DQG FRQWURO UHJDUGLQJ WKH RSWLPDO
FRQWURORISURFHVVHV$VHWRIWKHVH UHVHDUFKSDSHUVXVHVDVFDVHVWXG\WKH7(3HJDUHOHYDQWDUWLFOH >@ FRPSDUHV
WKHVWDWLVWLFDOSURFHVVPRQLWRULQJPHWKRGVZKLFK HQFDSVXODWHGLIIHUHQWW\SHVRISULQFLSDOFRPSRQHQWDQDO\VLV3&$
PHWKRGV ,Q DGGLWLRQ WKH DXWKRUV GLVFXVVHV WKH SRVVLELOLWLHV RI GHWHFWLQJ DEQRUPDO RSHUDWLRQ E\ PRQLWRULQJ WKH
GLUHFWLRQVRISULQFLSDOFRPSRQHQWV3&VDQGWKHGHJUHHRIGLVVLPLODULW\EHWZHHQGDWDVHWVUHVSHFWLYHO\ $VOLJKWO\
GLIIHUHQWDSSURDFK LVGLVFXVVHG LQ >@ LHDSDWWHUQPDWFKLQJPHWKRGIRU WKH7(3EDVHGRQ3&$ VLPLODULW\DQG
GLVVLPLODULW\IDFWRUV
,Q FRQWUDVWZLWK WKH DERYH OLWHUDWXUH DQDO\VLVZHXQGHUOLQH WKDW WKH WHFKQLTXHSURSRVHG LQ WKLV SDSHU LH 'R6
DWWDFNGHWHFWLRQLQFDVHRI7(3E\FOXVWHULQJWKHSK\VLFDOSURFHVVUHODWHGGDWDLPSURYHVWKHRYHUDOOVHFXULW\RIVXFK
DF\EHUSK\VLFDOV\VWHP DJDLQVWZLGHVSUHDG'R6WKUHDWV)XUWKHUPRUH WKHGHYHORSHG WHFKQLTXH LVDEOH WRREVHUYH
WKHGLIIHUHQFHVEHWZHHQQRUPDORSHUDWLRQ UHODWHG GDWDDQG SURFHVVGDWDFRPSURPLVHGE\FRQVHFXWLYH'R6DWWDFNV
 3UREOHP RYHUYLHZ
7KH 7(3 LV D VOLJKWO\ PRGLILHG UHSUHVHQWDWLRQ RI D UHDO FKHPLFDO LQGXVWULDO SODQW ,W LV D FKDOOHQJH SURFHVV
RULJLQDOO\ FUHDWHGWRWHVWYDULRXV DXWRPDWHGFRQWUROVWUDWHJLHV 7KHSURFHVVFRQVLVWVRIREVHUYDEOHYDULDEOHVDQG
 FRQWUROODEOH YDULDEOHV $ ZLGH UDQJH RI FRQWURO WHFKQLTXHV ZHUH SURSRVHG >@ WR GHDO ZLWK GLIIHUHQW
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RSHUDWLQJFRQGLWLRQVDQGGHVLUDEOHRSWLPL]DWLRQ FULWHULD +RZHYHU 7(3LVDSURFHVVFRQWURO SUREOHP UHFHQWO\ LW KDV
EHHQXVHGLQ PDQ\ RWKHUILHOGVRILQWHUHVW OLNH F\EHUSK\VLFDOVHFXULW\RIPRGHUQ1&, >@
:H FRQVLGHUHG WR XVH WKH VLPXODWLRQ GDWD SURYLGHG E\ WKH ZHOOIXQFWLRQLQJ GHFHQWUDOL]HG FRQWURO VWUXFWXUH





'R6DWWDFN:HDUH DOVRLQWHUHVWHGLQVWXG\LQJWKH W\SH RI 'R6 DWWDFNZKLFK GRHV QRW FDXVH DQLQVWDQWVWRSRIWKH
SODQWEXW EHLQJ XQGHWHFWHG PDNHVWKHSODQWLQHIIHFWLYHDQGSXWV LQGDQJHUWKHHTXLSPHQWDQGWKHSHUVRQQHO
/HWFRQVLGHU WKH 'R6DWWDFNVFHQDULR DV WKHDWWDFNHU LQWURGXFHVVPDOOGHOD\V LQ WKH ,&6 WKXVDIIHFWLQJ RYHUDOO
V\VWHP VWDELOLW\
7KH DWWDFNHUV VKRZQ LQ )LJ  DUH VXSSRVHG WR KDYH 'R6 DWWDFN SRWHQWLDOV $GGLWLRQDOO\ WKH ILJXUH VKRZV WKH
FRPPXQLFDWLRQOLQHVWKDWXVXDOO\DUHWDUJHWHGE\DQDWWDFNHU
'HQRWH QN[  DV WKH YHFWRU RI REVHUYDWLRQ RI Q IHDWXUHV DW WKHPRPHQW N /HW
QQI o EH D IXQFWLRQ














,Q FDVH RI FRPPXQLFDWLRQ ORVV PRVW RI WKH FRQWURO V\VWHPV PDLQWDLQ WKH ODVW VXFFHVVIXOO\ DFTXLUHG SURFHVV
YDULDEOHYHFWRUEXWWKHUHDUHV\VWHPVZKLFKLQFDVHRIIDLOHGFRPPXQLFDWLRQSXWWKHYDOXHVWR]HUR(YHQWKRXJKWKLV
LVDGLVUXSWLYHW\SHRIF\EHUDWWDFNV WKHDGYHUVDU\ FDQDSSO\WKHDWWDFN RQO\IRUVKRUWSHULRGVRIWLPH ZLWKRXWEHLQJ





















































































)LJ  9XOQHUDEOHSRLQWVRIWKH SURFHVV FRQWUROQHWZRUN
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 3URSRVHGDSSURDFK
&\EHUSK\VLFDO VHFXULW\KDV EHFRPHWKHPRVWVLJQLILFDQWLVVXH RIPRGHUQ 1&,ZKLFKDQWLFLSDWHVWKHQHHGRIQHZ
DSSURDFKHVWRHQVXUH WKHVHFXULW\DQGUHVLOLHQFHRILQGXVWULDOV\VWHPVHYHQLQ WKH SUHVHQFHRIF\EHUWKUHDWV
7RGHDOZLWK WKH SUHVHQWHGSUREOHP ZHSHUIRUPHGDQH[SORLWDWLRQ RI WKH7(3 PHDVXUHG YDULDEOHV E\JURXSLQJ
WKHP LQWR SDLUV LQ VXFK DZD\ WR IRUP WZRGLPHQVLRQDO FOXVWHULQJ SUREOHPV ,Q FDVH RI FOXVWHULQJ HYHU\ SURFHVV
YDULDEOH LV FRQVLGHUHG DV D IHDWXUHKDYLQJ P REVHUYDWLRQV 7KHPDLQJRDO LV WR ILOWHU WKH FDQGLGDWHSRLQWV RI 'R6
DWWDFNV
)LJ  'LVWLQJXLVKLQJ QRUPDODQGFRPSURPLVHGRSHUDWLRQ
:HSURSRVH WRXVHDFOXVWHULQJPHWKRGEDVHGRQ*DXVVLDQPL[WXUHPRGHOV WR LGHQWLI\ WKHGLIIHUHQFHVEHWZHHQ
QRUPDO DQGPDOLFLRXV GDWD SURGXFHG E\ D FRPSURPLVHG SODQW *DXVVLDQPL[WXUHPRGHOV DUH EDVHGRQ FRPELQLQJ
PXOWLYDULDWH QRUPDO GHQVLW\ FRPSRQHQWV (DFK GDWD SRLQW EHORQJV WR D FOXVWHU DFFRUGLQJ WR D SUREDELOLW\ 7KH
FOXVWHULQJSURFHVVLVFDUULHGRXWE\VHOHFWLQJWKHFRPSRQHQWWKDWPD[LPL]HVWKHSRVWHULRUSUREDELOLW\
,Q )LJ  WKHUHLVDQLOOXVWUDWLRQRIGDWDSURYLGHGE\QRUPDORSHUDWLRQRI WKHSODQWDQGGDWDRULJLQDWHGIURP D'R6
DWWDFNRQWKH$IHHGVWUHDP\SURFHVVPHDVXUHPHQW$VVKRZQLQWKHVFDWWHUSORWWKHLQIOXHQFHRI WKHDWWDFNRQ
\ LVFOHDUO\REVHUYDEOHLQWKHELGLPHQVLRQDOVSDFHRI \ DQG \ IHDWXUHV7KLVLVFDXVHGE\WKHUHDFWLRQRIFRQWURO
ORRSVRQEORFNLQJWKHWUDQVPLVVLRQRIPHDVXUHGGDWD
%\ PDNLQJ D FRPELQDWLRQ RI PHDVXUHG YDULDEOHV PXOWLSOH ELGLPHQVLRQDO VFDWWHU SORWV DUH REWDLQHG %\
FRQVLGHULQJDOORIWKHVFDWWHUSORWVDQ³LPDJH´RIWKHJOREDOV\VWHPLVREWDLQHGKHQFHIRUDVXFFHVVIXODQGVWHDOWK\
DWWDFNWKHDGYHUVDU\KDVWRKDYHGHWDLOHGNQRZOHGJH DERXW WKH SK\VLFDOEHKDYLRURIWKH V\VWHP
7KH'R6 DWWDFNVFHQDULR LV WHVWHGXVLQJJHQHUDWHGDWWDFNYHFWRUVDFFRUGLQJWRWKHSUHVHQWHGDWWDFNPRGHO $IWHU
FRPSOHWLRQRIWKHFOXVWHULQJSURFHVVZH DSSO\ DQ LQWHUQDO HYDOXDWLRQWHFKQLTXH 6LOKRXHWWH WRHPSKDVL]HWKHJURXS
RI RXWOLHU GDWD SRLQWV FDXVHG E\ WKH DWWDFN YHFWRUV $Q LQVWDQFH RI VLOKRXHWWH HYDOXDWLRQ RI FOXVWHULQJ UHVXOWV LV






7KH'R6DWWDFNVFHQDULR LV JHQHUDWHGDFFRUGLQJ WR DPRGLILHGYHUVLRQRI HTXDWLRQ  ,W LV REYLRXV WKDW LIZH
DSSO\WKLVDWWDFN FRQWLQXRXVO\ WRDFULWLFDOYDULDEOHWKHV\VWHPZLOOVWRSLQDVKRUWSHULRGRIWLPH+RZHYHU WKLVLV
QRW WKH SXUSRVH RI WKLV SDSHU ZH ZLOO LOOXVWUDWH WKH GLVUXSWLYH QDWXUH RI WKH 'R6 DWWDFN VFHQDULR )URP WKH
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DGYHUVDU\¶V SRLQW RI YLHZ LQ RUGHU WR LQIOXHQFH WKH V\VWHP DQG WR UHPDLQ VWHDOWK\'R6 DWWDFN KDV WR EH DSSOLHG
VHTXHQWLDOO\ IRU VKRUW SHULRGV RI WLPH %\ GLVWXUELQJ WKH FRPPXQLFDWLRQ OLQH LQ DQ LPSXOVLYHQHVV PDQQHU WKXV
EORFNLQJ WKHPHDVXUHPHQWYDOXHVWREHDFTXLUHGE\WKHFRQWUROOHUVWKHV\VWHPZLOOEH IRUFHGWRIXQFWLRQRXWRIWKH
VWDEOHVWHDG\VWDWHRSHUDWLRQ
















:KHUH `^NS LV UDQGRPO\JHQHUDWHGDW WKH PRPHQW N ZLWK D SUHGHILQHG GLVWULEXWLRQ @> EE  @>E LV
WKHSUREDELOLW\RI'R6DWWDFNDQG F UHSUHVHQWVWKHODVWVXFFHVVIXOO\UHFHLYHGPHDVXUHGYDOXHV
)LJ  ,QIOXHQFHRI'R6DWWDFNRQ\
)LJ  'R6DWWDFNRQ\ ± UHVXOWVIRU\\GDWDSRLQWV
,Q )LJ  ZHSUHVHQWWKHHIIHFWVRIJHQHUDWHG'R6DWWDFNRQWKHPHDVXUHPHQWVRISURGXFWIORZ\7KHGHOD\V
LQWURGXFHGE\WKHDWWDFNDUHFOHDUO\ YLVLEOH LQWKHSHULRGRI K&RQVHTXHQWO\ )LJ  VKRZVWKHDWWDFNUHODWHG
DQGVXFFHVVIXOO\GHWHFWHGRXWOLHUGDWDSRLQWV
7KHKLJKVLOKRXHWWHYDOXHUHYHDOVWKHDSSHDUDQFHRIDQHZFOXVWHULQGLFDWLQJWKHSUHVHQFHRI'R6DWWDFN
'R6 DWWDFNV DUH XVXDOO\ DSSOLHG WR WKHZKROH FRPPXQLFDWLRQ OLQH WKHUHIRUH )LJ  DQG )LJ  VKRZ D FDVH RI
GHWHFWHG'R6DWWDFNWKDWLQIOXHQFHGDOORIWKHPHDVXUHPHQWYDULDEOHV
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)LJ  ,QIOXHQFHRIJOREDOO\DSSOLHG'R6DWWDFNRQ\ ± UHDFWRUSUHVVXUH
)LJ  *OREDOO\DSSOLHG'R6DWWDFN
,Q )LJ  ZHSUHVHQWDFDVHZKHQWKH'R6 DWWDFNLVDSSOLHGWRWKHFRPPXQLFDWLRQOLQHLQDQH[FHVVLYHPDQQHU
WKHUHIRUH WKH SURFHVV UHDFKHV LWV FRQVWUDLQW YDOXHV DQG DXWRPDWLFDOO\ VWRSV 7KH DWWDFN GLVWXUEV UHFHLYLQJ QHZ
PHDVXUHPHQW GDWD WKXV WKH FRQWUROOHUV DUH XQDEOH WR FRPSXWH DQGRU VHQG WKH DSSURSULDWH VHW RI PDQLSXODWHG
YDULDEOHVZKLFK DPSOLILHV WKHGHVWDELOL]DWLRQRI WKHSURFHVV7KH ILJXUH VKRZV WKH DJJUHVVLYH LQFUHDVHRI UHDFWRU
SUHVVXUHGXHWR WKH DWWDFN PDNLQJWKHSURFHVVVWRS ZRUNLQJZLWKLQOHVVWKDQKDOIDQKRXU
)LJ  7KHGLVUXSWLYHHIIHFWRIJOREDOO\DQGFRQWLQXRXVO\DSSOLHG'R6DWWDFN
 &RQFOXVLRQ
7KHSUHVHQWHGUHVXOWVKLJKOLJKW WKDWE\GDWDPLQLQJHVSHFLDOO\FOXVWHULQJ WKH HIIHFWVRI'R6DWWDFNVDLPLQJ WR
GLVUXSWQRUPDORSHUDWLRQRISK\VLFDOV\VWHPVFDQEHHIILFLHQWO\LGHQWLILHG
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